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■ d'l.H It (jt ajjjialLi hiJ^ail ttjt ij£ oLj£Jt IjA ajjl^jt jkUl ot+?>J 

ii " • K £ jjiua •■ _l * ' 4^jjjkJI ■* • 7 j" 11 3jA^ 



7 kfi^JL* 

14 jjJ jli— o ^ j_^Jl cjLjj^II j»ip 

17 Ja^l J^J^Jb'oU:,.*!! 

26 jLxJJ ^^Jaj ^J'j jJl « yLiJl 

31 L'-jt 3jJL«i.l c->Ul^lSl_j cLJrl 2L-j^a 

39 i-ili-l ^Li^Vlj oLJrl Jail 

45 Lp-Ll^s oLlJU ^sjLa?- J">lii*-I 

51 oL^lj (^jyil 

51 U g;.; (Jl y 



59 . . Ajws y> js- ^ J-X^- :i_. l .,..:. < Cllj i^jjj^l! 

67 2LjL.^Jrl L^r _>JjJl 

71 JlJiiSn 1st jSj*. J! aJIj^I ^ 

76 oLyrlW.^lLj c-j 



4.4 JlOj» 

JLSJ 

^ ^| jl jjyo^lil Aj^y ^r-i ijt«ljJl ^ts^J-Li 

^ jl Ju V JS\ njj yi\ J*lJ~\ jbT ot diii 



7 



o J&'y> ol jL>-YI o-i-* Ji* jli L*Jy ^ L»l 

SjL^Iij oLk*il j jL.»->..~j Ji 

i u &\ Ja**J. SjUs^AJ J-*j-» AjT LfL* a] 

iilxil ajJlpVi l. ^ dUiS' ^.Vi ^ 



8 



LprL.il jf-j L^lp ^jl-b jjy i<j .JLiJI Jl 0^1 

^ ^^iiJ VI US> t^JlJuJi al LJi j 

^ oULJl ^MaV _} lJL-» 

. Oj^-S" i^">Lpl iJajJ Lg-?-LMflj c<Lj y>tlll yM 
£-»U jvJiJ 4^- JS" ^ (J y^i L-J y ^ 
j _jL>lJ| Js4 ^ Jy^il <j ^jL^i J^ 2- * (Jjiy^ 

^ 2f jLiil SjjjUaj ^--1^1 J.H-*^-' Ov. 

y-l Jlxj il** AjuxIj olyi^j ^-Lii; tJl~>s-Jl iJlA 
jl (((5j%iJl ^yj^l)) ^*Liy. J-a«j L*a j-^-j 
J_j-dl £>LjJl IJUb t ((5jjdJl 2LuJi-l ikiyi-l)) 
^ { J,LL «ut JLc .Jl y*j L. I ^ ^JUl j^iOl 



9 



?£>LJrlU 



jIjlpI J*ilb t ULJl ^UaiJ j>- Js> ^jJl 

aJjj^JJ <L~i-i ol yilaJl | _ r ^*J ljJJb>J tiJJj 

Ol^"^L> diJi J-^!J i^JJ^ 

Lf i J-J-l JJ jL^Vl ^ ^ S^Vjil JJ 



10 



4 

ol^i-l ^/uti J-iJ JjL- j jW*^ ^ LJU>- I 

> v u- JVj 

cjL> yi- iSjrjJiJl Ail ^iLl jl ji>-i J,i -i*J jl 

<_£ JUL V jL^-Vl aJl* Ji* jJ-l j .fl _/>r^l 

<±JjjI\)) j^xj C-i*-it Li—?- Aj jjC^J^I £jl j^JJ 

^jS" ^Ul (JuJl>- t(( . . J jj—jU ^Uii-i 

l^IjI^JI diiJ ^JUaj j • L / aj -^' J^S-"-^ 1 (ii 



11 



55 e 

oLJj jll 01 a_4; ^ L^jJUoj il 
^* L» j ? LS ^4-( <i 'jjit a«Js> Oil ^* L» 



12 



ji*^ V ^ j g all 



13 



^ Brno y J. ji* Cj* s-*' j '1865 J* 

C->«-j 4-L>tll ^^..Wll ^tjjUl i^x^r Jl 

^Ojj tv_-*l ^1 <^>-t JJiJ .(^ OLLi-l 
aL jI? 3 l L - tGregor Mendel Jx^ j>r 

t(yL^jf jl j^>-\ tJjtSf jl (j-J^' 

J-»U- i j S^SjjL J.U« ^J_Sj dJJi 



14 



i _ r J\ ^ jU J_Ll* 0j4\ (^JJl c J-ojJI IJLa jf 

^ ~L*i ^ 1900 fl* jUiil f j^Ul ^ olS" 

^TyrlJlJl jlS" aSj .((J-li* JlpIjS)) j^L; ^jJl 
^y, Wilhelm Johannsen j^L* yr (JLfrSj 
j t Jlp oLJrl 1905 ^ jlU 



15 



Lf** ^ genea 3_JU^J\ ikiUl ^ |»-*>Vt Jiil 
juibai oOUUl jltt US' t JJLI 
.jUII _jI ^Ldl ^ allele p-l 
tgenotype f>\j U j*>^5>Lij U> jtaUiil j 

Jj^» Jul y_j .phenotype jll ^UtH jJ^- 
^ajUaiLl sJufc Jwbi ^Jl JLpI jill iJuaJ 

Ulp Jjll* <u~-I (_$JL!l ^Ij^I ^i^ 0_ps dU-b 
.SjljjJl JUS'ju'l U«« j 



16 



<Ji. jG chromosomes GLjLu^t 

(jjj V ^A- (i J-U* uyl j5 (1)1 -^j 
jILp g;» j tfUJLJl ^ jji^Jl d)t J* caL^L ^JbJt 

J-»Lp ^zj aJIj jJl ^tJL^ii-l Jlol d)L n^L^Jl 
JL>-Vl j>P ( _ r ajl ..^^i jLol d)t jjjJLait* 

.diJi l£ ^ jJl LJli Jljj 



17 



.aJLp! oUi <di^ 1JL* ^1?t.»i If Lkf- JLil c-jlS" 

ll$iJj.S ^jIp Ajju^Uj l)Lc-jj-« L T JXJ~- ^1 

^u'L^Ll li iJJu 1 Lis .4^>-Vl 

^jul Aj 

j.W:' LS" ol yiJ-l ^jif- LgiLUil ^jip j j^jl ^iJl 
J^r ^ JiJ V obJrl of I il c JbJj 



18 



i^V. of j-- ^ jiii cL-^Vi Ja-iJij J^u; 

.....Jl IJL4J 1«JLp I UiLl SljJ J *U«Jl 

L. ilJi j .jCjJl 0 ijvsl>- JiiJ 1*5" Uli Jj^r 
jl JLp JJwXJl jt aJJu^Jj OI-Pj^ £-lj"f 

4jL ^,k!l Sja^-M* CUwail j»j . LpL« LiLT e VI 

Lib [% k:;' ii»bUail diL' 01 cJLijS'l J,l o....a»I 
^LJI L« jjbj t ^Vl i_ii>- l*Jl»-t {j*-* J y ^ 
i^liU jlJL| Jajl ^Ll J j\ 1913 ^ I y _ 01 ^ 



19 



tiJiJ-l 51^^ 1869 ^Ip Friedrich Miescher 



20 



■jLjjJrl fjl* lJ*-lj Vljjlt pi* 



Maclyn ^JJ&V* o*>L*j j Oswald Avery 

Colin McLeod ijJ£l> <jj ^Sj McCarty 

Ol-V^-J (_£ J jJl ^jAaJ-I i_a!Ljj .CjLj^-I 

nucleotide JujJSji L^Jj^-o SJa—. o AJ\ : aX 

t_> ^Jl l^aJI adenine Ov^oVl iJU^i 
T t-> _/J-L> aJI ^ gjJdl Thymine oy-^ 1 3 'A 
C i-3 _/Ll> aJI j^jj (^jJl Cytosine jjjjV-J 1 3 
t_i <uJl j^jj (j-Ul Guanine ^ji 5 *"^ 



21 



Li" y <^ jjJl jl ^^ip "iUi jJJi ^ 

Julj^l (JLp ^ \$ JLI aJLil cJlS" 

£yj 3JLi.i H fU> (_£jjjl 4~S J) 

1952 ^ tUrj .oLJ-l Ji ^ aJjOS ^ jl 



22 



oli jy**> ^Js- Jj-a^-I Rosalind Franklin 

ill Jbf jS' Jjjl i jl*J-\ Cj\jyJ SJIp Si 

<z^s^\ ti-^Jl lJj*£\ ^l&^VI 

J _^>- L-ila^-l y&\ ^ jLjaf ijol^dl olJj- ji\ 
J ^ aTjC ^JJI yVl J5^ ^ 
Sjtili^ j«I»LL« ^ j j^iJ (jcLJLJl liiS'j .till 

^ oLL-jiJl t^jljij 4jjilil aLJLJI J^li ^ 

(,5 jJl cLinus Pauling ^)j^>. y^ 1 ^->. 

^jip fyu y}\ Ja^>^i L>o ji ^ 



23 



.lApi\ 2^\jJ\ J^- ^\ j\£ 

James J y^>\> ^j-^r t-jLiJl ( _ s £j y>^ Ul 
oVLL« 3*1 y J>\ inpr ^ Watson 

ji-?- jjbj c Francis Crick dX; ^S" (w rc-^ ./ til 

C(J^— ..S'lxla As-Jjil jjl t}^-^ 



24 



j j^iL; A O j£il -Wji ^-~!?~ 'U>^ Ui^' AJ-V^liJl 

^jjt Lxj^w 1?tT;t.wI _lSj .G j j^iL; C 0 j^-^lj T 
^ oLJLl I4J ^~^> ^1 <i j^J! lJut 
Lo_gJ il ^\—JL>l J*)U- I ^ .,- i\ ^l... '.T.J 

^ip jJa >- 11* j oir os_, .^1 



25 



3L4 1953 ^ ^Jl o^Ull £. 

cjUJIS" L-wj oLll^-I cjjL^s t(_$jjJl ^^a^J-l 

Oli aj^I *L*j£JI oUT JS^j .J^ JIJ^ 

^axj y^laj ^./tTj iJ^jfc .aJIjj cjI yila 

Ji cA»...Jl oJLftj t4W.»J>l Aijjl J^l jP ^ J-»Lp 

^ ^.ir -^\^\ ^\^\ jjk J 
oLJ-l f (JuT j^jij jt .L*j_^Js> 



26 



HUM jjhUljjllijiiJlj* 



Jo A^JliJl 45*&Jl JjJ^Jj jijCj 

jj^sJ ^Jl olijj^ ^ 5j _yJk\ 

^'j^ 1 u» J_^rj oL'l Jl 



27 



hjj> ,_/»LoJ>-l J* 3.1** ."l I ~*Vly ji\ iL- JXj I jjjA 

j^. <ik- J Lgjf VI DNA i-j jytll jyil 

l^Jlj ( J5" ^-O^tJ cL*;^- Jli-i^yi oJLgJ ^ g U jvSl 

AjjS' jil fl.Ui*Jl oL-J la o j a. til CJ*>L~kJ.I 

ajIiS" ^L-L^ J">Ui .ijjji-i Lf jJ jJl ^ 

a,kc. t ^L ;.-„^l J">U- JbU US' Uli c^j^Jl 

ijJaS jJbhJ aJbLl 51 J^'- 3 V j^i c5-^l (^"^ 

-Ujj .RNA -L~5"ji! ^iiJ-l j& <_£ 

2U_. ,, .11 z.U all oJl& JJJ iS oljocJl ^ aJLJL*i 
V jr.-" r ^ 3Jbi-l ^jl- 5 *" ~^j^-l ^y? <» J-l jj-" 



28 



LgJ ^Liil ijyjjv^ {j^^i <-^-^'y>^ 
< * -* 

J j j— lil j . Vs^"' • j a. til jlpI I. i._ .»>■ 

J^-b ^ o fL-^rl ^43 dJJi J5" -LaJ 

I g ■■•» ? ' cribosomes oL*»L>j)l L^-o-^l aJ^LI 

cH-Jr'J Oj— Jfl_j Lr ^rj ^.j? cr^ 1 } 
jJ^Jl y fr*>Uj Maurice Wilkins jj-^^Lj 
^liLi^l)) Js-f-l) alil£* (1958 ^ c-J ^ ^1) 
v±JL!j> yl J Ajj yS\ ^U^Sfl ^ ijJjj^-l vJl JUf 
dJJi .((aJ-I Sjlil J^b oL.y*ll JiJ ^ 
Fran$ois <— 'j^W I j— > j y JS" ^ 1965 ^ 
^^jj iJUrj Andre Lwoff <~*jj$ *i j^lj Jacob 
^liLliS"!)) ^Js- p_$J oliUx-a Jacques Monod 
c((oL-jjyiJlj oU.y^l v-^Ty* oLJT jLsf ^ 



29 



Robert J,y» o^.jj V-^^V 1 '1968 ^ 

Gobind Khorana ■^tij&j Holley 

p_$J olil$^ Marshal Nirenberg jLijUj 

2LLp IflliJsjj » yLiJJ ^ ji-»iJ)) ^^jip 

C^j-ajJ *^-«-^-« J J-^> J" l^J>*Jl 

4j j j-A? -Lc-I j5 lS 1p Ljls LUp 4jI j j»Ip 
^L-JLi-l Jjaij dJJij tlfcip ^Jl JLJM 



30 



t(_£jjjl ^<i«ji-l CjLJj^- I g 1 4j.iL* CjUjLS' 
Olj jUril ^ Is. y*£. ^jdUl Ji*Jl J*>1>- 

Lfri j<i,.,.j oLCjJl ila-Jjj ^Jai (_£ jjJl 

Lf>cijj cenzymes de restriction j^ai-l ^Lsjit 

*jL*yl\ olejity ^JJ <j >-i olc. jit iiL* 01 US' 
(^jjJl { JomJ-\ (3La!I J.iLc-1 ^-ii ligases 



31 



oLjj^-l lL-Hj 01 L>-Ip t yL>^>- ^ jl L^uSy 

asU^L oLJrl dlL" j^. Jb-1_j JS" 01 Lip 
.4.a.»Ja.ll [jjJ&J\ JUP <uJb^J olpl dlta Jl 

^ (j^* L» a-*-* ^ VI aJ^p lJLS" Jj j 

/^Jljjj £t-*L* aJLpL~C. tO ji?-L!l 

s-b- jU 0 j^il iSjy^ u^ 2 -"-^ ^'/^ 

lili .sequence UkiL» 4J j .o.„,.t (_£~Lllj t^L^i-l 

j\p 01 I "L-jt* ^»Ua« Li ^p 



32 



oligonucleotides ji j*JjVl tf\ 'l£j>JI 

jd\ (((SlsJb 4jj^_^il oUyxil)) jt) 

c^jJl yb ^ jljJl I 1a j .aJI Lg «,;:* i^-iil 

jl 2^- C-pv SiU .k^j tj^-l IJL* OjJj£ 

c^iil PCR jl polymerase js- 



33 



^ ( *kL. jjJJ JUol Jlill J--. J^j 

<j^Jj tiillji tJSj^k ^ Jy>- Jliiil 



34 



(jSUi-t j Lji^JLT) ij^st oLJlS" JU*^*I frljj 
^^aJJ J>l_j*JL| tj^ijkJlff tLLjja .^.n 

JjjJ SjJUr Otbr ttfl jJp ^ ^L-Sfl 
^-*Lil jylSoJ »L«..'xJl j L>- jj j > ,„,-Allj i^_JaJl 

JjU V'jJ^ JUi ^ AjJb»r;,>.ll 



35 



^ ^j—U SwbJLsr oUJl^ J,l dJUi 

Jb£ ^ c^UoSfl c->^>U d975 fLp Asilomar 

4J jjli Jajl j^kJ c~S jil dJJi ^ Aj _^J-I 

.Jul jJaJl iiiiJ i_Jua?<J <_£ iOil> <_£l 
jlj Jj J-bUJ lJL>- ^Jsj jl dlJi j£j 

OMG 4^iJ*>Ul ^>j^J-L. IjUai^-l aijyiil cL^>- 
y LS-i-J' J^Jr 1 01 ilg-<>— I ^ J jSfl 

Sjjjtil ob'liOl ^jyu. Js- 4^U- 

.L^r aJ^s-Jkl oULJlj oLiljji-l c^l '^jj 



36 



i - « * 

A-a jLL« 1 ^ U->- JL^aJ (_£ CjULi ^» L>- y>iZ~*jt 
,j>> jtJUJl j^x-Jail J?rU-l ^i^Jj^-* 

dJbJjl 1.1* 

J-Jaity *Vj* Lot j tUL 4^Jrl 



37 



jT... a ^gip L^JLo.»,t..»I tUilS' LkSC^- wb«j L^J 
t_iyu US' lil UJl jj^-I j .a^pU-^s oL*5o ^Uj^I 
jo V UJjU UJli tUjIii; ^ jij ^1 oLJ^I 

J^Jj-I 4j J„^t1j jl l__s>J (^JJl jlSlLl jU>«J ^JuS" 

^_JI j*Jl ^ Li V dUi Jl 4iU>^Li UJl ^ 
jUijjl ^ Jj^kSl (jail Js- jl ^fs. <Js\ 

a] jl ^Jjj ,_^2j y«Jl j ^Jr-I j . <us jt^sj»ti» j^p 

J jjJl ^ I j£ jl Up iAjApVI »1* »l4 (^-Uil 
U}1* j j (jUaJ ^jLp UjJ>rUj| (Jj«-i!U olJL) 



38 



Li*fyj &Url Jtfl /■ 



&LiJ-\ ^.U J*>U?I L<^-j 1990 ^ 

^•1^1 jl ol£jj^-l tljj^i £^J>i (*- s ? t ^~' 
?iaiJ-\ diJiS'j t^lj^l ,_/u'U«UI J-U-l 



39 



VAi . 4j yLi l j^ a J~\ I Jut. t+^i^sj JJl (jy j jJl _j 

iijOU j\ to yjJuil <oL— Jl ^ j^sf j 4_lJ4 <laj 

cuLJ jjJl transcriptome 
^U^j ^ o_ ? la>- Jjt cJiij .proteome tjJjjJl 

4., :•».!, I oU^^-l -bJL^-j y«J l y ^ t4ws^« 



40 



il) la <Jl L-Li iiilx* \ $W\\ J>~ i*J ^dl 

ioLJIj jl ^jjJ-l -Up L^j <\,\ LuLi &^-i-> 
olJjjJS'jJl c^ljLk. ^Sfl jIjCj c_j>- 



41 



t^jjJl ^/toJ-l oUjx. ^ \jbjj- £l>\A\ 
t((oUrj^-')) ji exons oli j 
jt introns olijjoSfl ^ tLjJ 1*.l4 V ^klL. 
Ol^il ^ J*>cj 45" lJufcj .«o*>U-IjJI)) 
L ya^J-l iajjii ^ uy-* Oi^r <_5 j-^ 

^ 1 ,„ - ll L» l-i-* j .5j j.k ./ill JLi>cJl 

(jjjL Lc. La^»Lp ^jii^-LJl ^^ajt) j-lL (j^?- ^^Ip 
Ljajl I :,,-*•>- 1 lil LaJI ,jw»*ji-l ^ (j ,/»»; JL^- jaLJ 



42 



-L~5"j!l (^jjJl ^ y*£? 

oU^I cJlT lij .DNAc j^L^sJl gJjjJl 



43 



ilaj Ji oJ _pr jil C^LJrl i * _jJl ^ ol jOUxJl 

.OilJjjJ.1 i \ i_1jLl» J-Lj ^jj*--^ 

till) 4_j j^iuj CjLjJ J,l olijjjj 4-c^>- y 



44 



LlcLuo oLLi^I ^AiLd> ^N*" 

(jUaj ^jif- ijjll a T.U AjydJl 
Jjjj>- ^ jj ^jL^aJ (J ii*^- oUQs jjj ^Js ^jp 
tAjj^l ^ 3,/? ,,n-ixA\ tSj\£jtl\ ^j* 

oLikll jJUL" cJlfj .isJLl -kjlyU olS> 

lj jjL>- JajL>- oLUs 1 g ,->i-^2j ' -^.Ull 

J ^Jp (.^M ^ i_JlL>sJ V (3 o-l* 



45 



Ajt .aU oJ.a< ■ ' 'I jlaJ iii^P JUL j 

0 jj J J*J>I I ft t9-b»iJ.I ^Sfl ink:* J 



46 



0 _ 

aU^ljj Sjji ^Jl ajj^Vi J-^. <-^-^ 



47 



«a^_jJl ^I^Sfb) ^VSn J 1 ' — - 
aJLii j! ji tdUir jA\ ji j^ij Jiy 

jl j&L V Lf i^U^A^I 

v-JUaJl i_JLi-l Jas tj»Jli 
As- j ^^ail S.b~bi-I h 0 ^ ^ ^* J^** 



48 



4_jL.^i 4*; J jjji oLa ^»S^>- 4» i7i 

^ l>. : ^ L^j J*^_J iplwaJl 



49 



c~*li ^1 oL jLllj j^JdLftil jjp jL..a.T,tfl ^ 



50 



^l^-tj iJjjJ 1 jZ+J- 1 jj* Ji'&t/ MLtop&fjWj* 



Ijj^ t^L^Ll ^Wliil a!>- ^ Jj-L» J-*Lp 

Iojjj j jjj ^Ji a...L»ll oLL-kJi ^.u- ^p 
LjT Lip iIJIa .<_SjLUl ^ 

ilsU-^L. ^Vl UK 3 j£ .3 ^-XkvaJ 

^U^rVl Um. J.o,«" ^Jl 3JLi*il ijjL^Li L^3 



51 



(3 }s j 4j jjl ^laJ 4jj.,,,all 4pL*aJl p-fo 

^3 1 US' ((5LJ-I l_jL5")) oJla- j J^A> V Vs^-' 
i jj»-l . Slaj jii-| ^aUy i_lJ-5Jb 

j^xil di! i oJla- j JiC V j jjl ^^^J-l jU 

,-7<n L. ji jlj .SL^-I ^ -d^j ^1 ^l&l 

JLxi jl U I j-A ^ i_ijL«^» ^ jJl 

jlj tlgW,^ ^4 L^lpUJj oLJr-l jjj ^ ^laJl 

j j^il II* tjLjS' dJJi J">U- ^ 

U«Us SlJl OJjxj y L 



52 



j«La« jlS" \j\ dilij { Ja+£-\ <-iSj*r 

Luj Li Jaz>\ U lili .^jyU cJlff U j k^^' 

J^Ip JjuL j\ L'LiL" UjLTjJl cji^l n^js^U 

oLil LiLi tj^ 2 - 0 ^"' ^>LL« ^ l-b>- 

O^j ^ J*>\ ^ 



53 



( _ r ai^i-J o\ t ^ ? i r L ! V ,jSO JjuL jl 

l Js- JJ^Jl vW** ^(^J £^a>. L r^ ^ kiJJi j> 

j^>j Ji il t JsLiJl i-- 1 ^ ^^i*- !AJ^ JsLiJl 

f * * £ 

Lip toLc.jjVl Ji* i-j^Ai; I jotso bJip jl 
< Js- I ^x^- j JLJ L. ^ cJli" AjLt _^Jl o JL* jl 

^uj ^ jlT (iUJl jl 

.oLJj^Jl j_^Ji.JJ 



54 



huj^] AJlj jS^> JS" ja \^\ j i ^-J~\ 

o£i (aJUL. L.^jll a^Ltll oLij&l jf) 

Ui'r (^^" 5 ^» i 1 i L$jL2~» 1 g «W i j 
t jJ r l of Ia-Up -L>»ju*. . _^taiJ |*J ol ^1 

IJb-l J jiff t^jJI 



55 



l/ 2 ^"' W^j 31- J-*** ./* ^rj- 3 Ji 

AjUt^VLi S^lf jjJLl ^ jCJ J^UaJl 

OjIjL^-VI (_i I ji^" «b^LjC^j <_^JJ\ jjb j cPCR 
J J >— 4,5^ AjjAS Jl 1 ^iii 3-^-1 

.4LIS ^^a-oJ-l 4-^5" CUilS" log* (Jj_^Jl ^ySn-i~\ 

ejji jl5" IIa JS" j l^jjJI o* 2 ^ 1 
j-^bU jl J.U-1 Julie. JIT jl JjUj ^ SI iLJL. 
^Jb^-iOl LbiJl jl Jl \Ja> caJLv*JI aJLgJ 
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.UU jl\ 
J»-b Jl Uj-bl gjiJl jJr\ oVI bJU-jT I jl U 

. ^^Ip L-lj > 1 5 jJl jli ccjLi jl jl ys>~ 

JjLi LL£. Jj-l>- ^ i^**^ •UVJJ. (J>! ^^rj- 1 

^Jl) j jyjJl l.g.L »:.„.. i ^Jl 4jL Jsi) Liajl ^ _j 

^jJl ^j-^L*- jl J"l->- i_£ tLjajl Ljfc 
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loSsJbj .oujai! oL^r i ■>- o coLcjjVl 



58 



« I ' * 0 * t * 

^jAj tii»*iL« jjp 4j jijl jl <_£l C Jjl ^ r : . i < ^ 

3j L$JI c jjl^cJl I g « 3W,..'t 3Jj>- 
.^j^Aj^JI L^'ljjj (<Jjjd\ JaX3-\ 
^9 ytiJ si yi\ Oli L$JI iJbLl ^ Lp-jJ lili 
<Uaj ^Jl ■ _ ^ LJjl>- lilj t^jvJl i^iLdJ 
aJLjJI jli (.<_£ jl* jl j-?- 5ja-«l^j i»l jJl 4Pj 

1 ousr L$i* jj^o Ji (^y^; v 

LL>ol L« lil tjj^J .^jjJl ^s^J-l i_Ju<aj I g 

^ SjjU- *~U- ^ ol _y 3lJLsI-I ^ 

iaLIS' SL-^-l 3iaj ^1 ls Ip L^Jt _jJ iS 2LJL>- t^t 
jl jj^CoIl cA-—Lll 4— j y*^>\ i—ij^^l li yjj 
^ i^-'^'i (_?-^l (^s*^*^"' J j^ 2 ^! ^-*lj y L*-^ jl^'; 
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tal jjl JjU ^1.,..;.t,*I 4J_o_*j Lui JL5 j j^j ^jj-ta 
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^tij ol y oli \£k>- ^t>j treticulocytes ~*^>\ 

J^*i jlS" _jt ^jjl ^ J,Uj 015" lili 

.4 .«,,]» ^.a'.i aJu^p AjliJl ^ I—SIS' ^ j 

^gip jA>- ,J,I ^g- ^ a " ^ yj 5 : l j ..oL w? j 

IjLai^l u-ij^l erythropo'ietine *l 

jjl ^Jl jS\ AyJ-\ 

1 jj: ^\ y\ j ^jA Lp y tl) j 1 o Ji\ ^a*Jj 

t recombinant e-^j^l S^IpI d)j-» ^ c£U j j-« ^1 
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jjP h^j-LLi ^r-J 0^1 ^ aj^J c^jj oli 

J_aJxJ Oj-^i .oLJjjJJ 



62 



Jjij i yLi Jib V oLjj^JI 
C-^J t JjVl J^b. jjli^ ^ VlOiVI aJIj^I 

L^JLeJii^l s^LpI jLk*> (jUljj t^jjLl? j <L>- ji 



63 



u j^^r 1 il y li ISU.,^* ^>LxJ 
^ o L: . .» ..m ) I Jj> -cp Ji Frar^ois Jacob 

jl J* J.\ IJL^J .,,.11 jJrl ^ J-ijO-l ialiJl 

c— ~U ^ ^Ui jjJj 

cLXI JLI j .La I* ^ J, jVl uyM ^jLb j 
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J L^lL. <.Je\ j! Id* Jj ejLjjf . «Jli jl 

<UP U^ 3 *! ^* J^" ^ ^" ^ "J '-*■$-! J 

LJ^pr L$-iJl jfxiJl j jl s?j 

^^aJ-l L^-J j i4_J-l ^L^>-V' Oil j£^> j 
Ijjtj . I (j » j jjlijj J^LaJ ^ Jj icLi jSvilj 
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jiP Ja^J~\ ^ja (^r-Jj RNA -L— 'y tjjy J aA ^~ 

(J jA Ji j-VjJ! 4JL>^ Oji JlJ-l o-i* ^ J .,L..iT^Il 
^ iJ jjl } il^i L>b- RNA JL-S"^ll 
J^rl ^ l$Jl**i->l ^ ^1 ^z) i^jfi^x* JiJ^ 
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oli jjyiJ' o j-* .(Ujl a-JI Li jil ^JJl DNAc 

tHIV ^jj^ V-ri tretrovirus 

jlJLii «.b ^j^j^ 

AjjS" Jkl s_LiJl <uLp (» l£ JJl Lull JaA] 
Jii jl ^Ip L ya± t^JJl j t ViJ^-l y 1 J=r^ ij 

.^»S\jt!l ^j-Jj J— s^Uij tL^iilj J— >5'jll 
ajj^J U»Lj»-f i]L* jf jji^Ul Ji?-V US' 

l£ yr (_$-i-Jl J— S"jll ^ ^ o.J-1 ^ j^- jll 

oUa^^lll si.* flJ ^ -V3j .<U* 13"5Uajl L$jj jjj 
^JjuSj ol <Js- J- 5 ""- 1 -' J— S"jll 4-1 
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1$~Lp 1 Ji j tA^jt* a^ ^jLtj JUii-iV 
edition de J—S^l (JjyJl c/ 1 ^ - ' apULs ^1 

jj£j (_$JJl ^ jJiJ-l J^Jfcj ys Jj lj^i-1 

Jaj L. lJu ^ jl j .aJ JyU dUi 

^jJj (jjl ^ jJjJ ^ sU L» Jl oJjJj>- 
.i-^i-l aIsj ^1 ^p Lij_b- _Lp oLJ^I 

^1 jJyS 4.,.;.,— » J»l ^p i_5Lic5"l j<F tl 

OjJjJl Lfcja ,1 toLjJj-Jl Jajb j Jj 

oi^ ^ ^1 ^ i_, ,.m. :1 I a~^sU- jl j-^jj .prion 
^iJl j^ ^y. l^u J-^l ^ yJl 

i flp L»l toU-jjj^Jl ^ j^*-^ Aj>tjii tjy^-JuJl 
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S-sIpV 3^ J^- J! Oy'j^ 1 u**fj* 
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transcriptome a-^-I c-^-« 
proteome ijyj^ ^Wjj^ J-°^J 

o o-Ub J,! i_J> j^J <_$ iL.Li JjL- j 

Jl duos' L^ju^ jjj i^i-l 3^j!*il J*j£. V 

^Jlj c3_JbH J^-b ^ iij>rjL\ metabolites 
tmacromolecules » j>^Jl oL^U J^-Ui 
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o^uu; Lip itu-.vi J*-t <>• ^Uij 

u-^Jj^J -metabolome JaCi^ 'l/ 2 ^ 
cola,-:,. .1,1 oL. £j jj! JS" ^lol L4 aj 01 

^y^. Lip atu-^i J! c^3lUi J 
.physiome 4^ jJ j..-all oLL->Jl :<i j <. .- j 

<_£ _y (^JJI CjUtI jjJ 01 (JL-Jl IJL* ^ £w»l JJ 

oli j^il dJiij Oy j 2LJ-I j»L^>-Sfl 

oLi j^La ^ ' 01 V^ji jjl I g^lp 

Ja^^xj 01 LJ^tii jl l^:*xJ tUJj LL^> j iJ-l j»L^>-Vl 
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Lit dDi ^ J 'u^ 5 J^- iji ~<>^ 

dU: ^JL" ^ ^'j-^ 

01 SjJLiJl dJi^: of *J-Jl ^ Ll.^L eUi^l 11* 
cLo^" L^IP oV ^JjLsj ajj^Isj Cjj-^aJ 

^ ^yJl IJL* oV c2jLils c->l jliiil dJUt 0 
^Jl ^ JLi. "V j cfrjJb- jtS^I y» joJl 
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^^P^l j^Ip oLi ^lii 4j CJfrL>- U Sjlj ji\ j^Ip _} 
t^*j lJL*_j . J.Snrtl JuJajVl f j^p_J 

JlilJl Aij^j t*-fr»r ij-* 

CjIj ^lij ^jIp jLo^pVL>. diJi j _^Jl 

^jipj iSJli** CjLj^p^j Lg-LP ^tXJJ t^>- _^ 

cjli^J L^ip ^txJ SJjLl* JLpI ji villi ^ ^j^LxJl 
2uJajVl £t-*L« t^uJajVl JUlil 
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}L~- Wilis' Jic tH->>Jlj J ^ t^^l j 

ol j-oj j> SjLL^-'VI ^^Ip <oli j^l ^ J-^l £-* 
yJl JdLLJl ^ ^jwUJ ^J-l ^UU 5i.Li ajjLL. 
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genome 




Allele 




genotype 




phenotype 


J— j ^_JS*^j 


nucleotide 




DNA 




RNA 




cytoplasme 




ribosome 




Enzymes de restriction 




Ligases 




DNA recombine 




sequence 
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2 „ A - \\ , - \ ; <T 1 1 


oligonucleotides 


■ 4.1 i <-ll 

™ ' 1 fl . X . 1 1 




2 • -Ll 3; t ill 


I'm ncrri ntninp 
II alllSLl ipLUJUC 




pi UltUIIlC 


- ,1^ 1 :Li J - ,1: OJl 


Exons 


- ,*si ■ i i h .i - ,i • 


11 1 LI Ull^t 




DNAc 




hemoglobine 




reticulocytes 




erythropoi'etine 




recombinant 




retrovirus 




edition de l'RNA 





metabolites 




macromolecules 




metabolome 




physiome 
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LgjjJiJ Ji c4j»t , jjjL^eiJ <a>?jS\ Vl ^j^ - 

Jl ^.si a i Lf tJ^lJLjiJl (_5 JL>-1 fLjl fUa?-Vl 

^Ilj j j5o Ji LkS" jilj 4jLL>i ^ J^l 
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5jLo AjL^" tljl ^Jj -k~~J Ua>- l^J „■.:.; ^Jl 

^ Oil jJl JJrl U ^1 j;> ^ J_jl 

iCjLJI JL4 ^ 4j1jjJ| eloip J] J_^s jj U 

U iaJLp jj>- oli cjUI yJ~\ 
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,_JiJL«Jl <, .}n l-i^j <-\-~-~ > r 3J-i*il oULJl 
jvfLp <us LJ jJJ a— idl J*4 ^Jl 

ol^iJdl jiL" ^Jbj JljJ V j LJjpr 

l$J 5Jo*ii o>^l jj. JllJI ^Ip dili 

^Jl £~>l jil lUM>Vlj A.JUll UoLnjij 

JlJl tJLill j^aZ>A\ i_jl^Jl IJL* L$-i ^ya 
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.1951 ^ Jjl_i j-J, 

iSal — — >' (O I r j — i — .«->>'■ i 
j< I n l « H j— o j — ijj .^_Li>jll 
Jt— oIjnj Jl ■» . o j;. Mtfiyil 

jjg ^ j II ■ : ■ II -* U^ ll 

iil _LlJi_*;i OVI fl O aJ — - — : 
j-0 < 1 i r> li ni> l JL>»-0 if7 — B 

_>jJI -*— 1 'jf U» , J * * I j , , ■ 

i ■■ — '■ - 

Lo» ^ . ■-'j .t. . II i — 

■O H* )* 
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